ABSTRACT: Purpose: We examined the relationship between visual field extent and driving performance in an open, on-road environment using a detailed scoring method that assessed the quality of specific skills for a range of maneuvers. The purpose was to determine which maneuvers and skills should be included in future, larger scale investigations of the effect of peripheral field loss on driving performance. Methods: Twenty-eight current drivers (67 ؎ 14 years) with restricted peripheral visual fields participated. Binocular visual field extent was quantified using Goldmann perimetry (V4e target). The useful field of view (UFOV®) and Pelli-Robson letter contrast sensitivity tests were administered. Driving performance was assessed along a 14-mile route on roads in the city of Birmingham, Alabama. The course included a representative variety of general driving maneuvers, as well as maneuvers expected to be difficult for people with restricted fields. Results: Drivers with more restricted horizontal and vertical binocular field extents showed significantly (p < 0.05) poorer skills in speed matching when changing lanes, in maintaining lane position and keeping to the path of the curve when driving around curves, and received significantly (p < 0.05) poorer ratings for anticipatory skills. Deficits in UFOV performance and poorer contrast sensitivity scores were significantly (p < 0.05) correlated with overall driving performance as well as specific maneuver/skill combinations. Conclusions: In a small sample of drivers, mild to moderate peripheral visual field restrictions were adversely associated with specific driving skills involved in maneuvers for which a wide field of vision is likely to be important (however most were regarded as safe drivers). Further studies using similar assessment methods with drivers with more restricted fields are necessary to determine the minimum field extent for safe driving. (Optom Vis Sci 2005;82:657-667)
A lthough it might be obvious that a person with severe visual field restriction could not drive safely, it is far less clear what minimum size of the visual field would be consistent with safe driving. In the U.S., there is wide variability between states in the visual field requirements for driver licensing; only 31 jurisdictions have a minimum binocular horizontal field extent, ranging from 20°to 150°. 1 Studies of driving with vision impairment typically focus on driver safety or driver performance. 2 Safety is usually defined in terms of adverse driving events such as crash involvement or moving violations, [3] [4] [5] [6] [7] [8] [9] and is expressed statistically, such as an odds or risk ratio where one group of drivers is compared to another group with respect to the occurrence of adverse events. Because crashes are rare events, very large samples of drivers (at least hundreds) are needed to address questions about safety, i.e., what aspects of visual impairment elevate crash risk? Although Johnson and Keltner 5 found a doubling of crashes and traffic violations in people with severe binocular visual field loss, other studies have found no significant association between crash rate and visual field deficits. 3,4,6 -8 The study of driving performance is more amenable to smaller sample studies. Performance is usually defined in terms of the accuracy or latency of a driving maneuver or control input, or exhibiting certain behaviors according to some graded assessment scale. Performance can be evaluated on-road in a open or closed course by assessing whether the driver passed or failed the test by some criteria, 10 by more detailed scoring of skills for a range of maneuvers, [11] [12] [13] [14] or through the use of an instrumented vehicle where maneuvers and control inputs are recorded in real-time. 15 Using simulations of restricted peripheral visual fields, Wood et al. 11,16 -18 evaluated a number of driving skills on a closed-road course. In the first study, 11 the simulated visual field im-pairment was severe (40°or 20°horizontal diameter) and awareness of peripheral objects, obstacle avoidance, reversing accuracy, and lane position (especially at corners) were all significantly affected; however, speed estimation and stopping distance (in response to an object thrown across the road) were not affected. In a second set of studies 16 -18 with moderate simulated field loss (about 90°horizontal diameter), peripheral awareness of objects was the only skill from the original set of skills that was affected.
An alternative to using an on-road course is to assess driving skills within the controlled environment of a driving simulator. Coeckelbergh et al. 19 reported that drivers with moderate peripheral visual field loss (mean horizontal field diameter 84°Ϯ 35°) had increased lane position variability and made a greater number of lane boundary crossings than drivers with central visual field defects or mild visual field defects affecting the paracentral or midperipheral areas. Whereas, for drivers with mild to moderate field loss (mean horizontal field diameter 130°Ϯ 21), Szylk et al. 20 found no difference in driving performance when compared to that of normally sighted controls. Simulator studies 19 -21 of driving with peripheral visual field loss have primarily reported global measures of driving skills for the whole drive, and have not provided any, or only limited analysis, of skills for specific maneuvers.
In studying the role of vision impairment in driving performance, research using either simulated visual impairment, an on-road closed course, or driving within a virtual environment (no matter how well designed), does not constitute the real-world conditions of on-road driving. Studying functionally impaired drivers in on-road situations always presents safety concerns, and there is little control over external factors such as unexpected events and traffic density. Thus, it is not surprising that there are only limited data on the relationship between visual field extent and driving skills in an open-road driving situation.
Here we describe a study on the relationship between visual field extent and driving skills in an open, on-road environment. A detailed scoring method 22 was employed that assessed the quality of specific skills and maneuvers that were a priori expected to be negatively impacted by peripheral field loss (e.g., lane position and path keeping during curve taking or gap judgment when merging or changing lanes), as well as skills and maneuvers that we expected would not be affected by peripheral field loss (e.g., stopping distance at an intersection or speed appropriateness on a straight road segment). The purpose was to determine which maneuvers and skills should be included in future, larger scale investigations of the effect of peripheral field loss on driving performance.
In addition, we also investigated the relationship between driving skills and other measures likely to be related to driving performance, 23, 24 namely useful field of view (UFOV) 25 and contrast sensitivity. Deficits in the UFOV task, which relies on rapid visual processing speed and higher-order processing skills (selective and divided attention), have been linked to driving and mobility problems and slowing in visual task performance; 8,18,26 -31 reduced contrast sensitivity has also been linked to driving and mobility difficulties. 18, 20, 28, [31] [32] [33] [34] [35] 
METHODS Subjects
The recruitment population consisted of patients (ages Ն 18 years) seen in ophthalmology clinics, affiliated to the University of Alabama at Birmingham (UAB), in the Callahan Eye Foundation Hospital over the previous 12-month period who had conditions that could cause peripheral visual field loss (e.g., glaucoma, retinitis pigmentosa). A contact letter was sent from the referring physician describing the study, which was followed by a telephone call to determine if the patient was interested in participating. If so, the study coordinator set up an appointment after a telephone interview confirming that the person held a current driver's license in Alabama and still drove. The goal was to recruit at least 25 subjects. The Institutional Review Boards of UAB and Schepens Eye Research Institute approved the study.
Procedures
The study visit took place in the Driving Assessment Clinic at UAB. Before enrollment, each participant signed a document of informed consent after the nature and purpose of the study were explained. The visit lasted approximately 2 to 3 hours. The protocol consisted of two parts, in-clinic functional assessments/interviews and an on-road evaluation of driving performance. All testing was carried out by a certified driving rehabilitation specialist (CDRS) who is also a licensed occupational therapist (OTR/L). A second evaluator participated in the on-road evaluation, as described later.
Vision Measures
Visual acuity for distance was measured monocularly and binocularly with habitual (walk-in) correction, since we were interested in the participant's vision while using the correction worn for distance tasks such as driving. Testing was carried out using the Early Treatment for Diabetic Retinopathy Study chart 36 and its standard protocol, and expressed as logarithm of the minimum angle of resolution (logMAR). Contrast sensitivity, measured monocularly using the Pelli-Robson chart and its standard protocol, 37 was scored with the letter-by-letter scoring method, and expressed as log sensitivity. 38 The extent of the visual field in each eye was assessed with the Goldmann perimeter. Worldwide there is no consensus as to which Goldmann target should be used to assess the functional visual field for driver licensing: the III4e target is recommended in the United Kingdom 39 and some states of the U.S. (e.g., Kentucky 1 ), while the IV4e target is used in Australia. 40 As driving primarily involves detection of large objects, we used the largest available target, the V4e stimulus. The outer boundaries of the peripheral field were plotted using a kinetic strategy, moving from peripheral areas of non-seeing to seeing, along each of the main meridians (0°, 15°, 30°, 45°through 345°) in random order. The integrity of the seeing field was checked by static testing (off/on presentation) at 28 locations within the 10°above and below the horizontal midline (the area of the field most likely to be used when viewing through the windshield; Fig. 1 ). The monocular field plots were superimposed in order to derive the extent of the binocular field. Three binocular field scores were determined: the horizontal extent along the 0°-180°meridian (maximum extent 180°), normally used when specifying the field extent for driver licensing; the vertical extent along the 90°-270°meridian (maximum extent about 130°); and a measure of the overall field extent, the sum of 
Useful Field of View
The useful field of view test (UFOV®; Visual Awareness, Inc.) 25 was administered to provide a measure of the speed with which participants could rapidly process stimuli under divided attention conditions. In three increasingly complex subtests, central, peripheral, and distractor stimuli were presented as white targets (2 ϫ 1.5 cm) against a black background on a touch-driven 17-inch monitor. Participants viewed the monitor binocularly at a distance of 60 cm. Each trial consisted of four consecutive display screens: a fixation box, a test stimulus, a full-field, white-noise visual mask, and a response screen. The white-noise visual mask was presented following the stimuli in order to control display phosphor persistence 41 and eliminate afterimages or visual persistence. In the first subtest, which addressed speed of processing, the participant was asked to identify a central target (car or truck) presented in the fixation box. In the second subtest, addressing divided attention, the participant identified the central target, while also localizing a simultaneously presented peripheral target (car).
The third test, addressing selective attention, also demanded simultaneous identification of the central target and localization of the peripheral target. However, the peripheral target was embedded among distractors, making the task more difficult. Peripheral targets were presented 11 cm (10.5°) from the fixation box at one of eight radial locations (0°, 45°, 90°, 135°, 180°, 225°, 270°, 315°). Distractor stimuli were triangles of the same size and luminance as the peripheral target and uniformly filled the spaces between target locations. For each subtest, the duration of the display presentation was varied between 16 and 500 ms using a double staircase method in order to determine a threshold of 75%. Three scores were derived indicating the display time in milliseconds at which participants could correctly perform each subtest 75% of the time. The scores for each subtest can range from 16 to 500 ms.
Questionnaires
General health was assessed with a questionnaire used extensively in our prior work 30, 42 that asks participants whether they had problems in 17 areas (e.g., heart disease, cancer, diabetes mellitus) and then a summary measure of general health was created by summing the number of chronic conditions reports. Cognitive status was evaluated using the Mini-Mental Status Examination (MMSE). 43 The Driving Habits Questionnaire (DHQ) 44 was administered to provide information about driving experiences during the previous three months. Questions address several domains including current driving status, driving exposure (e.g., miles per week, days/ week), dependence on other drivers, driving difficulty, and driving space. The DHQ has established construct validity and test-retest reliability, 44 and previous research has also demonstrated that adults can validly report their driving exposure. 45 The questionnaires and MMSE were interviewer-administered.
On-Road Driving Performance
Following completion of the in-clinic functional assessment, the on-road evaluation was carried out. The clinic vehicle consisted of a 1998 Chevrolet Lumina equipped with a passenger side brake. There were two evaluators: the CDRS in the front passenger seat, with a second trained evaluator in the back seat of the vehicle. Their evaluation tasks are described below. Driving assessments were conducted between 10.00am and 3.30pm to avoid peak hour traffic conditions. Assessments took place in both sunny and cloudy weather conditions, but not when it was raining, snowing or foggy.
The on-road driving course and scoring methods were based on a design developed specifically for implementation in a number of related studies in which drivers with a range of different vision impairments (including hemianopia, restricted peripheral fields and central field loss) were to be assessed driving either with or without optical vision devices. 22 The course included a represen-
The 28 locations (within the 10°above and below the horizontal midline) evaluated with static testing as part of the visual fields assessment using Goldmann perimetry with the V4e stimulus.
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tative variety of general driving maneuvers, as well as maneuvers expected to be difficult for people with vision impairment. The total length of the course was 14 miles on roads in Birmingham, AL. All subjects drove the same course. The course was divided into two sections: a preliminary off-road section, followed by an on-road section. In the preliminary section, vehicle control skills were evaluated in a parking lot to ensure that the participant had adequate vehicle control before proceeding to on-road driving; this section also provided the participant with an opportunity to become familiar with the car. The on-road section started on low-traffic roads and then proceeded to busier roads and interstate driving. The route comprised a variety of road types (two-and four-lane roads, interstate), intersections (with and without traffic lights, stop and yield signs), and sections with curbed and uncurbed edges, straight sections and curves. At predetermined points along the route performance of specific maneuvers (e.g., turn, merge) was scored with respect to itemized driving skills (e.g., lane position, gap judgment), as listed in Table 1 . The backseat evaluator, masked to functional, medical, and driving exposure characteristics of the participant driver, carried out this scoring on a five-point scale, using a separate score sheet for each maneuver. Scores of 1 to 3 represented various levels of unsatisfactory performance, while 4 and 5 represented increasing levels of satisfactory performance: 1, driving evaluator had to take control of car; 2, skill performed in an unsafe manner (but evaluator did not have to take control); 3 skill performed in an unsatisfactory manner (but did not compromise safety); 4, skill performed in a satisfactory manner; 5, skill performed in a flawless manner.
Global driving performance for the entire drive was assessed at the end of the on-road test by both the front-seat CDRS and the back-seat evaluator. Ratings were made on a 5 point scale (as above) on the following items: interaction with other traffic, anticipatory skills (margin of error), vehicle control, reaction to unexpected events, adjustment of speed to traffic conditions, and overall driving. Global driving was also assessed for interstate driving in terms of the first four items; since the CDRS was focused on safe control of the vehicle during interstate travel at high speeds, these ratings were made only by the back-seat evaluator.
Statistical Analysis
For driving maneuvers that were assessed more than once (Table  1) , the mean score for each driving skill was computed and used in correlation analyses. For measures of global driving performance rated by the two evaluators, the mean score of the two raters was used. The three UFOV scores did not conform to a normal distribution; visual field extent data and contrast sensitivity scores were normally distributed. Spearman correlation coefficients and associated tests of significance were calculated between ratings of driving performance (driving skills for each maneuver and global scores) and the three binocular Goldman visual field extent measures, the three UFOV scores and contrast sensitivity scores (better eye and worse eye). Partial correlation coefficients adjusting for the potential confounding factors of age and cognitive status score were also calculated. Inter-rater reliability for global ratings of driving performance, given by the front-seat CDRS and the back-seat 46 In the context of this study, which was essentially exploratory in nature, we chose not to adjust p-values. 47 The p-value associated with each correlation is independent of the others; therefore, the probability of a type I error remains the same for each correlation, with or without adjustment of the level of significance. All analyses were conducted using SAS version 8.2 (Cary, NC).
RESULTS
Twenty-eight persons enrolled in the study whose characteristics are listed in Table 2 . The majority of participants were older adults with 75% over age 58 (range 33 to 84 years). The sample was mostly male and split about evenly between African Americans and whites. The etiology of vision impairment was almost entirely due to primary open angle glaucoma (27 of 28), with one participant having retinitis pigmentosa. Participants averaged approximately 2 to 3 co-morbid medical conditions, and cognitive status (MMSE score) was very good on average. With respect to driving exposure, participants reported driving on average 5 to 6 days per week, to 4 places in 12 trips. In terms of miles per week behind the wheel, there was wide variability in the sample from 2 to 348; however, all subjects were drivers since young adulthood.
With respect to vision, binocular visual acuity was good, averaging 20/25, contrast sensitivity was within the range that might reasonably be expected for our sample, and binocular visual field loss was (qualitatively) mild to moderate ( Table 2 ). The binocular horizontal field extent ranged from 78°-165°(mean 123°) and the binocular vertical field extent from 50°-124°(mean 89° states in the U.S., with minimum horizontal field extents of 20°to 110°; 54% would have met the minimum 120°horizontal field diameter required in the European Union. Under binocular viewing conditions, none of the participants had any significant scotomata within the seeing field, as evaluated by the static presentations in the Goldmann perimetry assessment. For UFOV, scores ranged from no or minimal impairment (Ͻ138 ms) to severely impaired (Ͼ380 ms); the mean score increased (performance became more impaired) as the level of task difficulty increased from subtest 1 to subtest 3 ( Table 2) . For all participants, binocular visual field extent, as measured with the Goldmann V4e target, was greater than the extent of the UFOV display. Table 3 shows the correlations between each of the maneuver/ skill combinations and the binocular visual field variables, UFOV scores and contrast sensitivity scores, adjusted for age and cognitive status; raw unadjusted data is included in the form of scatter plots in Fig. 2 (to visually demonstrate representative significant correlations). A more restricted binocular horizontal field, vertical field and total field were all significantly (p Յ 0.05) associated with poorer performance in speed matching when changing lanes (Fig.  2a) , and with poorer performance in path keeping (Fig. 2b ) and lane positioning (Fig. 2c ) during curve taking, as expected. In addition, both a restricted horizontal and a restricted total field were significantly associated with poorer performance in maintaining an appropriate following distance (spacing) during curve taking, a more restricted vertical field was related to poorer performance in path keeping when turning, and a smaller total field with poorer performance in lane positioning when exiting the interstate.
Slower processing speed (UFOV subtest 1) was significantly (p Յ 0.05) related to difficulties with gap judgment when turning and maintaining an appropriate speed during curve taking. Divided attention problems, as assessed in UFOV subtest 2, were significantly associated with poorer performance in lane positioning when merging, lane positioning (Fig. 2d) and steadiness of steering during curve taking, and speed matching when exiting the interstate. UFOV subtest 3 (selective attention) was unrelated to all maneuver/skill combinations. Poorer contrast sensitivity scores in the better eye were significantly associated with poorer performance in speed matching when changing lanes, and in steadiness of steering and maintaining an appropriate speed during curve taking.
Significant (p Յ 0.05) associations with the global ratings for the binocular field variables, the UFOV subtests and contrast sensitivity in the better eye, adjusted for age and cognition, are as follows (Table 4) : A reduced width of the horizontal field, a restricted vertical field and a reduced total field were all related to poorer ratings for anticipatory skills (Fig. 3a) and interaction with other traffic on the interstate. In addition, a restricted vertical field was associated with difficulties adjusting speed to traffic conditions and with poorer scores on reaction to the unexpected in the road- Scatter plots of raw data for driving skills and binocular visual field scores and UFOV® scores, for which the correlations (adjusted for age and cognitive status) were significant (p Յ 0.05; Table 3 662 Driving with Restricted Fields-Bowers et al.
TABLE 3.
Spearman correlations (p-values) between ratings on specific driving maneuvers and binocular visual field scores, UFOV scores and contrast sensitivity scores, adjusted for age and cognitive status. way during interstate driving. UFOV subtest 1 was unrelated to global scores. Divided attention problems (UFOV subtest 2) were associated with poorer scores on adjusting speed to traffic conditions. Difficulties with selective attention (UFOV subtest 3) were associated with a number of global scores including poorer ratings for anticipatory skills, adjusting speed to traffic conditions, vehicle control skills on the interstate and overall driving performance. Poorer contrast sensitivity in the better eye was also associated with several global scores including poorer ratings for interaction with other traffic, anticipatory skills, vehicle control skills (whole route and interstate), and overall driving performance (Fig. 3b) . Table 5 displays associations between various aspects of driving exposure and the field characteristics, UFOV scores and contrast sensitivity scores. The only aspect of the binocular visual field significantly (p Յ 0.05) associated with exposure was the horizontal field; those with narrower fields tended to drive to fewer places per week (Fig. 4) and made fewer trips per week. UFOV score and contrast sensitivity were not associated with driving exposure.
DISCUSSION
These results are consistent with the notion that even mild to moderate peripheral visual field restrictions can negatively impact specific driving skills, especially for maneuvers for which a wide field of vision may be important. Drivers with more restricted fields showed poorer skills in speed matching when changing lanes, and poorer skills in maintaining lane position and keeping to the path of the curve when driving around curves. By comparison, there were no significant correlations between field extent and driving skills in other situations that require information primarily from the central visual field, e.g., maintaining appropriate following distance and speed on straight road segments, and determining the correct stop position at an intersection. The effects of restricted peripheral fields on driving skills were also apparent in the summary measures of driving performance, assessed for the entire test drive, where more restricted fields were associated with poorer ratings for anticipatory skills.
Both horizontal and vertical field extent were related to the driving skills of path keeping and lane position during curve taking, and vertical field extent was related to path keeping when making a turn. Similarly, drivers with restricted peripheral fields in a driving simulator evaluation 19 were found to have poorer lane positioning skills, deviating to the left in left curves and to the right in right curves, than drivers with central visual field defects whose lateral lane position did not vary as a function of the curvature of the road. The importance of the vertical field in curve taking is implicit in the double model of steering proposed by Donges 48 and is supported by the findings of Land and Horwood. 49 More distant parts of the road, close to the horizon in the vertical meridian, provide information about road curvature, whereas accurate position-in-lane information comes from the nearer part of the road further below the horizon (about 10°below). 49 The drivers in our study had only mild restrictions of the vertical field; the narrowest measured extent (50°) is greater than the vertical field of view through a typical windshield, nevertheless mild vertical field narrowing did adversely affect path keeping both in curve taking and when making turns. Currently, visual field requirements for driver licensing are primarily specified in terms of the horizontal field diameter. 1 However, our results suggest that vertical field extent may also be an important consideration, especially in turning or curve-taking maneuvers.
Previous studies, which have reported an effect of peripheral visual field restriction on aspects of driving performance, have either used simulations of severe visual field restrictions on a closed Scatter plots of raw data for global driving scores and binocular visual field scores and contrast sensitivity scores, for which the correlations (adjusted for age and cognitive status) were significant (p Յ 0.05; Table 4 ). (a) Horizontal field extent and anticipatory skills. (b) Contrast sensitivity (better eye) and overall driving performance. More restricted fields and poorer contrast sensitivity scores were associated with poorer driving performance (lower score represents worse performance).
FIGURE 4.
Scatter plot of driving exposure (number of places visited per week) as a function of horizontal field extent. Drivers with more restricted fields drove to fewer places.
Driving with Restricted Fields-Bowers et al. 665 course, 11, 16, 18 or have carried out driving simulator evaluations using patients with more restricted fields than the sample in this study. 19, 21 The only study of the relationship between field extent and driving performance, which has a similar range of restricted horizontal visual field extents (130°Ϯ 21°, range 70°-140°) 20 to the range in this study, failed to find any significant correlations between binocular field width and driving performance in a driving simulator; furthermore there were no differences in scores between drivers with peripheral field loss and the control group of normally sighted drivers who were matched for age, gender and driving exposure. The difference in findings between this driving simulator evaluation 20 and our on-road evaluation of drivers with mild to moderate peripheral field loss may relate to differences in the duration of the driving assessment (5 min compared to Ͼ 30 min), differences in the driving environment (virtual compared to a real traffic environment), or differences in the sensitivity of the assessment to the effects of peripheral field loss. Our assessment comprised detailed scoring of specific skills and maneuvers, including those that a priori would be expected to be affected by peripheral field loss, whereas Szlyk et al. 20 used a general set of simulator performance indices and did not score performance for specific maneuvers.
In addition to our primary research question, the relationship between visual field extent and driving performance, we also examined the relationship between driving skills and UFOV and contrast sensitivity. Slower processing speeds (UFOV subtest 1) and divided attention problems (UFOV subtest 2) were primarily associated with poor driving skills for specific maneuvers (merging, curve taking, interstate exiting), whereas difficulties with selective attention (UFOV subtest 3) were associated with poorer scores on summary driving measures (including overall driving performance and anticipatory skills). The trends in our data are consistent with previously reported associations between reduced performance on UFOV tests and both crash-involvement 6, 8, 30 and reduced driving performance on closed-road circuits 16, 17, 28 and open-road courses. 31 Poorer contrast sensitivity scores were associated both with poorer driving skills for specific maneuvers as well as poorer ratings on summary driving measures. Szlyk et al. 20 reported that lower contrast sensitivity was correlated with slower driving speeds in a driving simulator evaluation of patients with mild to moderate visual field restrictions. Similarly, we found that lower contrast sensitivity scores were associated with difficulties in speed matching when changing lanes and maintaining an appropriate speed during curve taking. Our finding of significant associations between contrast sensitivity and overall driving performance is consistent with previously reported associations between contrast sensitivity score and overall driving score on closed-road 16, 17, 28 and open-road courses. 31 Given that subjects in our study were recruited on the basis of peripheral visual field restriction, not contrast sensitivity impairment, it is noteworthy that we found significant associations between contrast sensitivity and driving skills. This underscores the potential importance of contrast sensitivity as a predictor of driving performance.
The majority of driving skill ratings were in the 3 to 5 range, i.e., from unsatisfactory (but does not compromise safety) through to excellent; only one participant was rated unsafe to drive based on driving performance across the whole course (his horizontal visual field was 109°). By comparison, in an on-road study of drivers with more restricted peripheral fields than the range in this study (mean 84°Ϯ 35°compared to 123°Ϯ 20°here), only 43% passed a test of practical fitness to drive. 19 As previously reported for drivers with peripheral field loss, 9 drivers in the current study appeared to be aware of their visual limitations and self-regulated their driving accordingly; those with more restricted fields drove to fewer places and made fewer trips per week.
Our results demonstrate, in a small sample of drivers, that mild to moderate peripheral visual field restrictions adversely affect specific driving skills in maneuvers for which a wide field of vision is likely to be important (although the majority of subjects were regarded as safe drivers). From this preliminary study, the skills and maneuvers, which should be evaluated in subsequent investigations of driving with peripheral field loss, can be identified. A follow up study employing similar assessment methods with a larger sample of drivers and a wider range of field extents would be necessary to determine the minimum field extent required for safe driving.
